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FULLY BURIED COLOR FILTER ARRAY OF
IMAGE SENSOR

BACKGROUND INFORMATION

Field of the Disclosure

The present invention relates generally to color filters, and
more specifically, to color filter arrays of 1mage sensors.

Background

Color image sensors include color filter arrays. Each color
filter 1n the array of color filters may allow only one color of
light to pass through to a sensor. A color filter array may
include side walls between two adjacent color filters that
1solate each color filter from neighboring color filters of the
array of color filters. However, these side walls may take up
a substantial amount of space and hurt color array filter
occupancy density.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to like
parts throughout the various views unless otherwise speci-
fied.

FIGS. 1A-11 illustrate an example of a cross section view
of a fully buried color filter array at diflerent steps of the
formation of the array of color filters in accordance with the
teachings of the present invention.

FIGS. 2A-2H 1llustrate an example of a cross section view
of a fully buried color filter array at diflerent steps of the
formation of the array of color filters in accordance with the
teachings of the present invention.

FIGS. 3A-3C 1illustrate example top down views of a fully
buried color filter array at diflerent steps of the formation of
the array of color filters 1n accordance with the teachings of
the present imvention.

FIG. 4 1s a flow diagram illustrating processing steps to
fabricate one example of a fully buried color filter array
device 1n accordance with the teachings of the present
invention.

FI1G. 5 1s a diagram 1llustrating one example of an imaging,
system with fully buried color filter array 1n accordance with
the teachings of the present invention.

Corresponding reference characters indicate correspond-
ing components throughout the several views of the draw-
ings. Skilled artisans will appreciate that elements 1n the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements 1n the figures may be exag-
gerated relative to other elements to help to improve under-
standing of various embodiments of the present invention.
Also, common but well-understood elements that are useful
or necessary 1n a commercially feasible embodiment are
often not depicted 1n order to facilitate a less obstructed view
of these various embodiments of the present invention.

DETAILED DESCRIPTION

Examples directed to arrays of color filters, and methods
for fabricating the same using a sacrificial replacement layer
are disclosed herein. In the following description, numerous
specific details are set forth to provide a thorough under-
standing of the examples. One skilled 1n the relevant art will
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2

recognize, however, that the techniques described herein can
be practiced without one or more of the specific details, or
with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail 1n order to avoid
obscuring certain aspects.

Reference throughout this specification to “one example”
or “one embodiment” means that a particular feature, struc-
ture, or characteristic described in connection with the
example 1s included 1n at least one example of the present
invention. Thus, the appearances of the phrases “in one
example” or “in one embodiment” i1n various places
throughout this specification are not necessarily all referring
to the same example. Furthermore, the particular features,
structures, or characteristics may be combined 1n any suit-
able manner 1n one or more examples.

Throughout this specification, several terms of art are
used. These terms are to take on their ordinary meaning in
the art from which they come, unless specifically defined
herein or the context of their use would clearly suggest
otherwise. It should be noted that element names and
symbols may be used interchangeably through this docu-
ment (e.g., S1 vs. silicon); however, both have identical
meaning.

Arrays of color filters with good photodiode 1solation
cause the photodiodes disposed below the array of color
filters to be more accurate. Side walls 1solating 1ndividual
color filters 1n the array of color filters allow the array of
color filters to have good photodiode 1solation. However, the
side walls formed by standard photolithography methods
can take up a significant amount of space and hurt the
occupancy density of the array of color filters.

FIGS. 1A-11 illustrate an example of a cross section view
of a fully buried color filter array at diflerent steps of the
formation of the array of color filters 1n accordance with the
teachings of the present immvention. FIG. 1A illustrates an
image sensor device with a substrate 110 including a plu-
rality of photodiodes 115 and a bufler layer 120 disposed on
the substrate 110. The substrate 110 may be a semiconductor
material such as silicon substrate or a silicon substrate doped
with impurities e.g., p-type doped silicon substrate or n-type
doped silicon substrate. The photodiodes 115 may be formed
in the substrate 110. In one embodiment, the photodiodes
115 may be n-type doped photodiodes formed by implanting
and/or diffusing n-type impurities e.g., arsenic or phospho-
rous while the substrate 110 may be p-type doped silicon
substrate. In another embodiment, the photodiodes 115 may
p-type doped photodiode formed by implanting and/or dif-
fusing p-type impurities e.g., boron while the substrate 110
may be n-type doped silicon substrate. The bufler layer 120
may be an oxide such as silicon dioxide or another material
which 1s transparent to light 1 the visible spectrum. Each of
the photodiodes 115 may generate photo-induced charge in
response to mcident light received.

FIG. 1B illustrates the device of FIG. 1A with a layer of
sacrificial material 130 formed on the bufler layer 120. The
layer of sacrificial material 130 may be formed by deposit-
ing chemical vapor deposition. In one embodiment, the layer
of sacrificial material 130 may be flattened by a chemical
mechanical polishing (CMP) process. The sacrificial mate-
rial may be a material which may be removed with a wet
etching process, mcluding but not limited to carbon-based
material, oxide material, nitride material, silicon-based
material. The sacrificial material may be a material which
can be patterned by a dry etching process. As illustrated 1n
FIG. 1B, the layer of sacrificial material 130 may be formed
as a flat layer of umiform thickness. The layer of sacrificial
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material 130 should be made of a material that when
removed by a wet etching process will not cause the bufler
layer 120 to be substantially removed as well. For example,
if the buffer layer 120 1s silicon dioxide, the layer of
sacrificial material 130 should not also be silicon dioxide.
Restated, the bufler layer 120 and the layer of sacrificial
material 130 may be made of different materials where the
sacrificial material 1s etch selective from the bufler layer
120. In other words, the material for forming the layer of
sacrificial material 130 may be selected from matenals
having diflerent etching rate than the material for forming
the bufler layer 120. In one embodiment, the layer of
sacrificial material may be made from nitride material and
the bufler layer 120 may be made from silicon dioxide.

FIG. 1C illustrates the device of FIG. 1B with parts of the
layer of sacrificial material 130 removed to form a pattern of
sacrificial material 135. As will be described 1n greater detail
below, the pattern of sacrificial material 135 may be a
“checkerboard” pattern. The pattern of sacrificial material
135 may be formed by patterning and dry etching the layer
of sacrificial material 130 according to the “checkerboard”
pattern. In an embodiment, the pattern of sacrificial material
135 may form blocks of sacrificial material 136. Each one of
the blocks of sacrificial material 136 may have a rectangular
prism shape such that the block of sacrificial material has
four sides of about equal length. As illustrated 1n FIG. 1C,
the blocks of sacrificial material 136 are spaced apart 1n one
direction by about the length of one of the sides of the blocks
of sacrificial material 136. In other embodiments, the blocks
of sacrificial material 136 may have 4 sides not having equal
length. The shape and the size of the blocks of sacrificial
material may depend upon the desired sizes and shape for
the spacers and the color filters for the imaging sensor
device. Each block of sacrificial material 136 may cover one
photodiode 115 and be centered on the respective photo-
diode 115. Alternatively, each block of sacrificial material
may cover multiple photodiodes 115. The thickness or
height of the blocks of sacrificial material 136 may be
configured based on the desired thickness or height for the
spacer.

FIG. 1D 1illustrates the device of FIG. 1C with a spacer
pattern 140 formed on the sides of the blocks of sacrificial
material 136. The spacer pattern 140 may be formed of
individual spacers 145 formed on individual sides of the
blocks of sacrificial material 136, for example by atomic
layer deposition (ALD) or chemical vapor deposition
(CVD). In one embodiment, the spacers 145 may be formed
as a conftinuous spacer grid. In one embodiment, the width
of each individual spacer 145 may range between 0.01-0.1
um. The width of the spacers 145 may be defined by the
space between the blocks of sacrificial material 136 and may
be thinner than the minimum critical dimension (CD) of the
lithographic patterning and etching process. In one embodi-
ment, the individual spacers 145 may be less than or equal
to 0.05 um thick. The individual spacers 145 may come in
contact with each other at points between corners of the
blocks of sacrificial material 136. The spacer pattern 140
may be thicker than 0.05 um at the corners where the spacers
145 connect. Restated, the aspect ratio (height to width ratio)
of the spacers 145 may be up to 18:1 or even greater.

The spacer pattern 140 1s made of a spacer material that
has etch selectivity against the sacrificial material and the
bufler layer 120. The spacer material may also have a
refractive index as low as of 1.3 or even less. The material
for forming the spacers 145 may be selected based on the
applications of the image sensor device or the optical
performance required for the image sensor device. In one
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embodiment, each of the spacers 145 may be a single or
multilayer-stack structure. In one embodiment, the material
for forming the spacers 145 may be oxide material, nitride
material, or a material with low index of refraction (e.g., a
material having index of refraction lower than 1.3). In
another embodiment, the material for forming the spacers
145 may be a material with high reflectivity, such as metal.
In one embodiment, the spacer may be formed by a com-
bination of metal and dielectric material, for example
formed of metal matenial (e.g., tungsten or aluminum)
enclosed by a layer of dielectric matenal e.g., silicon oxide

In an embodiment, the process of forming the spacers 145
(discussed below) causes a first side of the spacer 145 facing
away Ifrom the pattern of sacrificial material to have a slated
portion near the top of the spacer 145, which 1s not com-
pletely vertical and slanted toward the block of sacrificial
material. Accordingly, the first side has a first slant. A second
side of the spacer 145 facing the block of sacrificial material
will be more vertical or may be slightly slanted away from
the vertical portion of the spacer 145. Accordingly, the
second side has a second slant that 1s different from the first
slant. Restated, the second side of the spacer 145 facing the
block of sacrificial maternial may conform to the shape of the
block of sacrificial material and have a different slant than
the first side of the spacer 145 facing away from the block
ol sacrificial material.

FIG. 1E illustrates the device of FIG. 1D with the pattern
of sacrificial material 135 removed. When the sacrificial
material 1s removed, a free standing spacer pattern 140
remains. As will be further explained below, the free stand-
ing spacer pattern 140 defines first openings 148 and second
openings 149 between four spacers 145. Each of the first
openings 148 1s defined by four first sides of spacers 145.
Each of the second openings 149 1s defined by four second
sides of the spacers 145. Restated, the first openings 148 are
adjacent only to first sides of the spacers 145, and the second
openings 149 are adjacent only to second sides of the spacers
145. The first openings 148 will allow 1n slightly more light
than the second openings 149 based on the geometry of the
tops of the spacers 145.

FIG. 1F 1llustrates the device of FIG. 1E with an array of

color filters 150 formed by depositing color filter material 1n
the first and second openings 148, 149. In one embodiment,
the color filters array 150 may be a Bayer filter mosaic with
a pattern of four color filters (two greens filters, one red
filter, and one blue filter) clustered together repeating
throughout the array of color filters. In one embodiment, the
color filter material may include red color filter material,
blue color filter material, and green color filter material. In
one example, Bayer pattern filter mosaic 1s used and the first
openings 148 are filled with the red and blue color filters to
slightly improve the sensitivity of the red and blue photo-
diodes compared to the green photodiodes. In another
example, the Bayer pattern filter mosaic 1s used and the first
openings 148 are filled with the green color filters. In
another embodiment, the array of color filters 150 may
include a different pattern of color filters, such as CMYK
and the color filter material may be comprised of cyan color
filter material, magenta color filter material, and yellow
color filter material. The specific arrangement of color filters
for the array of color filters 150 may depend on the appli-
cations of the 1mage sensor device. It would be appreciated
by those skilled 1n the art that the material for forming color
filters may have an index of refraction that 1s higher than the
corresponding spacers 145 formed in between and the butler
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layer 120. Alternative, the material selected for the spacers
145 may have index of refraction lower than the color filter
material.

FIG. 1G illustrates the device of FIG. 1F with an array of
microlenses 160 formed on the array of color filters 150. The
microlenses 160 are configured to focus incident light to the
respective photodiodes 115. In one embodiment, the micro-
lenses 160 may be made of a microlens material such as
polymer. The microlenses 160 may be domed, or otherwise
shaped to operate as a lens based on a diflerence 1n refractive
index from the air to the microlens material. The curvature
ol each microlens may be configured based on the required
optical performance (e.g., focal length) for the respective
photodiode 115.

FIG. 1G 1illustrates an image sensor device with fully
buried color filter array. The substrate 110 has an array of
photodiodes 115 disposed in the substrate 110. Bufler layer
120 1s formed on the substrate 110. Spacers 145 form a
spacer pattern 140. The spacer pattern 140 1s formed on the
butler layer 120 such that the bufler layer 120 1s between the
spacers 145 and the substrate 110. The array of color filters
150 1s disposed within the first and second openings 148,
149 of the spacer pattern 140 such that the array of color
filters 150 1s disposed 1n the spacer pattern 140.

The height of spacers 145 may be configured based on the
desired optical performance of color filter and microlens
array. In the embodiment of FIG. 1G, the color filters 1n the
array ol color filter 150 may have a height less than a height
of the spacers 145. In another embodiment, the color filters
in the array of color filter 150 may have a height same as a
height of the spacers 145 as illustrated by FIG. 111. In
another embodiment, the color filters 1n the array of color
filter 150 may have a height greater than the height of the
spacers 145 as illustrated by FIG. 11.

As pixels continue to shrink, the area used to ensure color
filter 1solation becomes more important. Examples 1n accor-
dance with the teachings of the present mvention provide
significant advantages in both color filter isolation and
density. The spacers 145 provide improved color filter
1solation to the array of color filters 150. In one example, the
spacers 145 are formed of a material having a refractive
index lower than a refractive index of each one of the color
filters of the array of color filters 150. This material property
of the spacers 145 and the array of color filters 150 causes
photons to reflect off the spacers 145 rather than pass
through the spacers 145. Thus, the color filters are better
isolated from light passing through the neighboring color
filters and color filter 1solation 1s improved even with a thin
spacer 145.

The 1mage sensor device can have the advantage of
having tall and thin spacers 145 between the color filters,
which prevent light coming from a direction other than a top
side of the device from being directed 1nto the photodiode
115. Thus, the spacers 145 prevent corruption of the pho-
todiode output. The thin spacers 145 also provide the
advantage of not occupying an excessive amount of the area
of the fully buried color filter array when viewed from
above. Photodiodes 115 require a minimum amount of light
to sense properly an incident light source. Thus, photodiodes
115 need a certain amount of area to collect light using the
microlens 160 to operate properly. The amount of area
needed 1s dependent on the lighting conditions, among other
tactors. The small area of the spacers 145 when viewed from
above allows more photons to pass through the microlenses
160 to the photodiodes 115 rather than colliding with the
spacers 145 and thus allows the array of color filters 150 and
photodiodes 115 to take maximum eflective area of the array
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and have better quantum etliciency. The height and 1solation
cllects of the spacers 145 also provides for better angular
response by the image sensor.

FIGS. 2A-2H 1illustrate another example of a cross section
view of a fully buried color filter array at diflerent times
during fabrication of the fully buried color filter array 1n
accordance with the teachings of the present invention. FIG.
2 A 1llustrates an 1mage sensor device similar to that of FIG.
1A. FIG. 2A 1llustrates a pattern of support material 205
disposed on the bufler layer 220. The bufler layer 220 1is
disposed on a substrate 210 including a plurality of photo-
diodes 215.

The pattern of support material 205 may be metal or a
metalloid such as tungsten or aluminum. The pattern of
support material 205 should be a matenial that 1s etch
selective from the bufler layer 220 and a layer of sacrificial
material 230 (discussed below). In one embodiment, the
support material 205 may further direct incident light to the
respective photodiodes 205 by reflection or refraction, such
that optical cross talk between neighboring photodiodes may
be suppressed.

FIG. 2B illustrates the image sensor device of FIG. 2A
with an adhesive layer 208 on the pattern of support material
205. The adhesive layer 208 may be titanium nitride (T1N).
The adhesive layer 208 may cover a top surface of the
pattern of support material 205. The adhesive layer should
be etch selective from the bufler layer 220 and the layer of
sacrificial material 230 (discussed below).

FIG. 2C 1illustrates the image sensor device of FIG. 2B
with the layer of sacrificial material 230 formed on the
pattern of support material 205, the adhesive layer 208 and
the bufler layer 220. The layer of sacrificial material 230
may be made of the same material and formed by the same

process as discussed with relation to the layer of sacrificial
material 130.

FIG. 2D illustrates the image sensor device of FIG. 2C
with a pattern of sacrificial material 235 etched from the
layer of sacrificial material 2335. The pattern of sacrificial
material 235 may include blocks of sacrificial material 236.
The blocks of sacrificial material 236 may be centered 1n an
opening 1n a grid formed by the pattern of support materials
205. As such, each block of sacrificial material 236 is 1n
contact with four portions of the grid that 1s formed by the
pattern ol support materials 2035, which define the opening
in the pattern of support material 205. Fach block of
sacrificial material 236 may cover about half of the four
portions of the pattern of support material 205 and the
adhesive layer on top of the four portions of the pattern of
support material 205.

FIG. 2E illustrates the 1mage sensor device of FIG. 2D
with a spacer pattern 240 formed on side walls of the pattern
of sacrificial material 235. The spacer pattern 240 may be
disposed on top of the adhesive layer 208 and pattern of
support material 203 1n the center of the adhesive layer. The
spacers 245 forming the spacer pattern 240 may be made of
the same material, have the same properties, and be formed
in the same way as disclosed above with relation to the
spacer pattern 140 except that the spacer pattern 240 1s
formed on the adhesive layer 208. In one embodiment, the
spacer pattern 240 may be 1n a form of a continuous pattern,
thus the spacers 245 can be formed as a continuous spacer
or1d.

A height of the spacer pattern 240 may be limited by the
strength of the material used to form the spacer pattern 240
and/or the process of forming the spacers 245. By forming
the spacer pattern 240 on the adhesive layer 208 on the
pattern of support material 205 rather than directly on the
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bufler layer 220, the height of the first and second openings
248, 249 formed by the combination of the pattern of
support material 205, adhesive layer 208, and spacer pattern
240 may extend further from the bufler layer 220 than the
first and second opemings 148, 149 1n the spacer pattern 140
from the bufler layer 120.

FIG. 2F illustrates the image sensor device of FIG. 2E
with the pattern of sacrificial material 235 removed. The
pattern of sacrificial material 235 may be removed by the
same process as described below with relation to the pattern
of sacrificial material 135.

FIG. 2G illustrates the image sensor device of FIG. 2F
with an array of color filters 250 disposed in the first and
second openings 248, 249. Each color filter 250 1s formed
between two adjacent spacers 245. The array of color filters
250 may be formed of the same material, have the same
properties, and be formed 1n the same way as the array of
color filters 150, except that the array of color filters 250
may have a height less, the same, or greater than the height
of the spacer 245. Therefore, the array of color filters 250
will have a height greater, or less than or equal to the
combined height of the spacers 243, the adhesive layer 208,
and the pattern of support material 205. Restated, the spacer
pattern 240 on the adhesive layer 208 and pattern of support
material 205 may extend further from the bufler layer 220
than the array of color filters 250.

FIG. 2H illustrates the device of FIG. 2G with microl-
enses 260 formed on the array of color filters 250. The
microlenses 260 may be formed of the same material, have
the same properties, and be formed 1n the same way as the
microlenses 160. The focal lengths of the each microlens
260 may depend upon on the height of color filters 250. As
such, the height of the array of color filters 250 may be
configured based on the desired optical performance for the
image sensor device.

FIG. 2H illustrates an 1mage sensor device with a fully
buried color filter array. The substrate 210 has an array of
photodiodes 2135 disposed 1n the substrate 210. Bufler layer
220 1s formed on the substrate 210. A pattern of support
material 203 1s formed on the builer layer 220 such that the
bufler layer 220 1s between the pattern of support material
205 and the substrate 210. An adhesive layer 1s formed on
the pattern of support material 205 such that the pattern of
support material and the bufler layer 220 are between the
adhesive layer 208 and the substrate 210. Spacers 2435 form
a spacer pattern 240. The spacer pattern 240 1s formed on the
butler layer such that the bufler layer 220, pattern of support
material 205 and adhesive layer 208 are between the spacers
245 and the substrate 210. The array of color filters 250 1s
disposed within the first and second openings 248, 249 of the
spacer pattern 240 such that the array of color filters 150 1s
disposed 1n the spacer pattern 240 and the pattern of support
material 205.

The embodiment shown 1n FIG. 2H provides even greater
color filter 1solation than the embodiment shown 1n FIG. 1G,
while providing similar color filter array occupancy density.
Some photo 1mage sensors may require very high color filter
1solation and large color filter occupancy density. However,
the height of spacers 145 for a given thickness may be
limited by the strength of the spacer material such that the
spacer height needed for color filter 1solation requires a
spacer thickness too great for the required color filter array
occupancy density. This problem may be solved by placing
the spacers 245 on the pattern of support material 205 and
adhesive layer 208. This increases the distance which the
spacers 2435 extend from the bufler layer 220 without
increasing the area taken up by the spacer at the top of the

10

15

20

25

30

35

40

45

50

55

60

65

8

array ol color filters 250. The microlens 260 focuses light
toward a center of the color filter toward a photodiode 215
disposed below the center of the base of color filter. Accord-
ingly, the extra area taken up by the pattern of support
material 205 at the bottom of the color filter does not have

much eflect on the photodiode 215, and the array of color

filters 250 may maintain the same density as the array of

color filters 150 1illustrated 1n FIG. 1G.

FIGS. 3A-3C 1llustrate example top down views of a fully
buried color filter array at diflerent times during the fabri-
cation of the fully buried color filter array. FIG. 3A 1llus-
trates an example view of the pattern of sacrificial material
335 and additional sacrificial material pattern 338. FIG. 1C
may be an example of the device of FIG. 3A along the line
Ia-Ia'. The additional sacrificial material pattern 338 may be
made of the same material, have the same properties, and be
formed 1n a similar manner to the pattern of sacrificial
material 335. The blocks of sacrificial material 336 making
up the pattern of sacrificial material 335 may form a “check-
erboard” pattern. The spaces between the blocks of sacrifi-
cial material 336 forming the pattern of sacrificial material
335 may be about the same size and dimensions as the
blocks of sacrificial material 336. The additional sacrificial
material pattern 338 may be formed to assist in forming
spacers 345 on the periphery of the spacer pattern 340. The
additional sacrificial material pattern 338 does not need to
form blocks with the same dimensions as the blocks of
sacrificial material 336 forming the pattern of sacrificial
material 335, but only need to define a side wall on which
a spacer 345 may be formed 1n order to complete the spacer
pattern 340. Accordingly the blocks of sacrificial material
339 forming the additional sacrificial material pattern 338
may have a diflerent shape than the blocks of sacrificial
material 336 forming the pattern of sacrificial material 335.

FIG. 3B illustrates an example view of the pattern of
sacrificial material 335 and the additional sacrificial material
pattern 338 with the spacer pattern 340 formed on the sides
of the pattern of sacrificial material 335. The spacer pattern
340 may form a continuous spacer grid. FIG. 1D may be an
example of the device of FIG. 3B along the line Ib-Ib'. The
spacers 345 may be formed on sides of the additional
sacrificial matenal pattern 338 1n the same manner as the
spacers 3435 formed on the side walls of the pattern of
sacrificial material 335.

FIG. 3C 1llustrates an example view of the spacer pattern
340 with the pattern of sacrificial material 335 and the
additional sacrificial matenial pattern 338 removed. FIG. 1E
may be an example of the device of FIG. 3C along the line
Ic-Ic'.

FIG. 4 1s a flow diagram illustrating processing steps to
fabricate one example of a fully buried color filter array
device 1n accordance with the teachings of the present
invention. The process of FIG. 4 may be performed on a
devices such as the device shown 1n FIG. 1A. Process block
410 shows the process may begin by forming a pattern of
support material 205 and an adhesive layer 208 on the
device.

The pattern of support material 205 may be formed by
depositing the support material then etching away some of
the support material. For example, the support material may
be deposited as a blanket layer of aluminum, and then the
blanket layer of aluminum may be etched to form the pattern
of support material 203. The pattern of support material may
define a square or rectangular grid matching the spacer
pattern 340 shown 1 FIGS. 3B-3C, but with wider “lines™

in the grid.
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In an embodiment, the adhesive layer 208 may be formed
on top of the pattern of support material 205 by a vapor
deposition process. A mitride hard mask 1s formed on the
adhesive layer 208 on top of the pattern of support material
205, and an etching process may remove adhesive material
that was deposited 1n locations not covered by the nitride
hard mask. The nitride hard mask may then be removed. The
adhesive layer 208 may also be formed by any other process
that deposits the adhesive layer 208 on top of the pattern of
support material 205 and not the bufler layer 220. Forming
the pattern of support material 205 and the adhesive layer
208 1s optional and may not be performed.

Process block 420 shows that the pattern of sacrificial
material 135 or 235 i1s formed. If the pattern of support
material 205 and an adhesive layer 208 on the device are
formed, then a layer of sacrificial material 230 may be
formed on top of the pattern of support material 205, an
adhesive layer 208, and the bufler layer 220. Otherwise, the

layer of sacrificial material 130 may be formed on the builer
layer 120.

The layer of sacrificial material 130 or 230 may be formed
by deposition, for example by chemical vapor deposition
(CVD). In one embodiment, a chemical mechanical polish-
ing or planarization process may be applied after the depo-
sition of layer of sacrificial material 130 or 230 to smooth or
flattening the surface of layer of sacrificial material 230. The
layer of sacrificial maternial 130 or 230 may be etched by a
dry etching process 1n order to form the pattern of sacrificial
material 135. The pattern of sacrificial material 235 may be
ctched using the same process as described with relation to
the pattern of sacrificial material 135.

Process block 430 shows that the spacer pattern 140 or
240 1s formed on the side walls of the sacrificial material.
The spacer pattern 140 or 240 may be formed of individual
spacers 145 or 245 formed on individual sides of the blocks
of sacrificial material 136 or 236 of the pattern of sacrificial
material 135 or 235, and also sides of the blocks of sacrificial
material 339 of the additional sacrificial material pattern
338. The spacer pattern 140 1s formed by depositing the
spacer material on sides of the blocks of sacrificial material
136 making up the pattern of sacrificial material 133 or 235,
and then etching away excess spacer material from the butler
layer and the top surface of the block of sacrificial material.
The deposition may be done by a gas phase chemical process
such as atomic layer deposition. The etching may be per-
formed by an amisotropic dry etching process. The etching
process may cause a side of the spacer 145 or 245 facing
away Irom the block of sacrificial material to have a slanted
portion, slanting toward the block of sacrificial material.
Each of spacer 145 or 245 formed may have an aspect ratio
of up to 18:1 or greater.

Process block 440 shows that the pattern of sacrificial
material 135 or 235 1s removed. The pattern of sacrificial
material 135 or 235 may be removed by a wet etching
process. The removal of the pattern of sacrificial material
135 or 235 leaves the second openings 149 or 249 open.
Both the dry etching process and the wet etching process
performed on the sacrificial material should not substantially
ctch the spacers 145 or 245, the adhesive layer 208, the
pattern of support material 205 or the bufler layer 120 or
220.

Process block 450 shows that the array of color filters 150
or 250 and microlenses 160 or 260 are formed. The array of
color filters 150 or 250 may be formed in the first and second
openings 148, 149 or 248, 249. The microlenses 160 or 260

may be formed on the array of color filters 150 or 250.
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FIG. § 1s a diagram 1llustrating one example of an imaging,
system including a fully buried color filter array in accor-
dance with the teachings of the present invention. As shown
in the depicted example, an 1imaging system 500 includes a
pixel array 305 coupled to a control circuitry 535 and a
readout circuitry 515, which 1s coupled to a function logic

525.

Pixel array 505 1s a two-dimensional (*2D”) array of
pixels 507 (e.g., pixels P1, P2 . . ., Pn). In one embodiment,
cach pixel 1s a complementary metal-oxide-semiconductor
(“CMOS”) imaging pixel. Pixel array 505 may be imple-
mented as either a front side 1lluminated 1image sensor array
or a backside illuminated 1mage sensor array. In one embodi-
ment, pixel array 505 includes a fully buried color filter

array, such as the fully buried color filter array depicted 1n

FIG. 1G or 2H. The fully buried color filter array includes
a plurality of buried color filters for the pixels 307. The fully
buried color filter array may be arranged with pattern, such

as Bayer pattern or mosaic of red, green, and blue additive
filters (e.g., RGB, RGBG or GRGB), a color filter pattern of
cyan, magenta, yellow, and key (black) subtractive filters
(e.g., CMYK), a combination of both, or otherwise. As
illustrated, each pixel 1s arranged into a row (e.g., rows R1
to Ry) and a column (e.g., column C1 to Cx) to acquire
image data of a person, place, or object, which can then be
used to render a 2D 1mage of the person, place, or object.

In one embodiment, after each pixel has acquired its
image data or image charge, the 1mage data 1s readout by
readout circuitry 515 and transferred to function logic 525.
Readout circuitry 515 may include amplification circuitry
c.g., a differential amplifier circuitry, analog-to-digital
(“ADC”) conversion circuitry, or otherwise.

Function logic 5235 may include logic and memory for
storing the 1mage data or even manipulating the image data
by applying post image eflects (e.g., crop, rotate, remove red
eye, adjust brightness, adjust contrast, or otherwise). In one
example, the readout circuitry 515 may readout a row of
image data at a time along readout column lines (illustrated)
or may readout the image data using a variety of other
techniques (not i1llustrated), such as a serial readout or a full
parallel readout of all pixels simultaneously.

Control circuitry 535 1s coupled to pixel array 205.
Control circuitry 535 may include logic and memory for
controlling operational characteristic of pixel array 505. For
example, control circuitry 335 may generate a shutter signal
for controlling 1mage acquisition. In one embodiment, the
shutter signal 1s a global shutter signal for simultaneously
cnabling all pixels 507 within pixel array 305 to simultane-
ously capture their respective 1image data during a single
acquisition window. In an alternative embodiment, the shut-
ter signal 1s a rolling shutter signal whereby each row,
column, or group of pixels 1s sequentially enabled during
consecutive acquisition windows.

The above description of illustrated examples of the
present invention, including what 1s described in the
Abstract, are not intended to be exhaustive or to be limita-
tion to the precise forms disclosed. While specific embodi-
ments of, and examples for, the invention are described
herein for illustrative purposes, various equivalent modifi-
cations are possible without departing from the broader
spirit and scope of the present invention. Indeed, 1t 1s
appreciated that the specific example voltages, currents,
frequencies, power range values, times, etc., are provided for
explanation purposes and that other values may also be
employed in other embodiments and examples 1 accor-
dance with the teachings of the present invention.
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These modifications can be made to examples of the
invention in light of the above detailed description. The
terms used 1n the following claims should not be construed
to limit the 1nvention to the specific embodiments disclosed
in the specification and the claims. Rather, the scope 1s to be
determined entirely by the following claims, which are to be
construed 1n accordance with established doctrines of claim
interpretation. The present specification and {figures are
accordingly to be regarded as 1llustrative rather than restric-
tive.
What 1s claimed 1s:
1. A method of manufacturing an 1image sensor, compris-
ng:
forming a checkerboard pattern of a sacrificial material on
a bufler layer on a substrate, wherein an array of
photodiodes 1s disposed 1n the substrate such that the
bufler layer 1s disposed between the sacrificial material
and the array of photodiodes, wherein the checkerboard
pattern 1s formed by individual blocks of the sacrificial
material arranged over the array of photodiodes to form
a plurality of cavities, wherein the array of photodiodes
includes a first photodiode and a second photodiode
disposed adjacent to the first photodiode along a given
row or a given column of the array of photodiodes,
wherein individual cavities included 1n the plurality of
cavities and the individual blocks of the sacrificial
material are arranged alternately over the given row or
the given column of the array of photodiodes such that
the butler layer 1s disposed between the first photodiode
and one of the individual blocks of the sacrificial
material and the bufler layer 1s further disposed
between the second photodiode and one of the indi-
vidual cavities included in the plurality of cavities;

forming a spacer pattern on side walls of the individual
blocks of the sacrificial material arranged 1n the check-
erboard pattern, the spacer pattern defining a gnd
having openings;

forming a pattern of support material on the bufler layer

before formation of the checkerboard pattern of the
sacrificial material, wherein the pattern of support
material 1s disposed between the bufler layer and the
spacer pattern, and wherein the pattern of support
material 1s structured to form secondary openings, each
one of the secondary openings positioned to overlap
with a corresponding one of the openings formed by the
spacer pattern;

removing the sacrificial material; and

forming an array of color filters 1n the openings of the

spacer pattern, and wherein the array of color filters
further extend into to the secondary openings formed
by the pattern of support material.

2. The method of claim 1, wheremn said forming the
checkerboard pattern of the sacrificial material comprises:

depositing a layer of the sacrificial matenal; and

ctching the layer of the sacrificial material using a dry
etching process, and wherein said removing the sacri-
ficial material comprises etching the sacrificial material
to form the checkerboard pattern with a wet etching
process.

3. The method of claim 1, further comprising forming a
layer of adhesive material on the pattern of support material
before said forming the checkerboard pattern of the sacri-
ficial material.

4. The method of claim 3, wherein said forming the spacer
pattern on the sacrificial maternial further comprises forming,
the spacer pattern on the layer of adhesive material on the
pattern of support materal.
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5. The method of claim 3, wherein said forming the spacer
pattern on the side walls of the individual blocks of the
sacrificial material further comprises forming the spacer
pattern on a center of the layer of the adhesive material on
the pattern of support material.

6. The method of claiam 3, wherein said forming the
checkerboard pattern of the sacrificial material on the bufler
layer on the substrate further comprises forming the check-
erboard pattern of the sacrificial material on a portion of the
layer of adhesive material on the pattern of support matenal.

7. The method of claim 1, wherein said forming the
checkerboard pattern of the sacrificial material on the bufler
layer on the substrate comprises forming a plurality of
rectangular prisms on the bufler layer corresponding to the
individual blocks of the sacrificial material, wherein each
one of the plurality of rectangular prisms comprises the
sacrificial material, and wherein the plurality of rectangular
prisms are separate and spaced apart from one another.

8. The method of claim 1, further comprising forming an
additional sacrificial matenial pattern on the bufler laver,
wherein side walls of the additional sacrificial material
pattern define a periphery of the spacer pattern.

9. The method of claim 1, wherein said forming the
checkerboard pattern of the sacrificial material comprises:

depositing a layer of the sacrificial material; and

ctching the layer of the sacrificial material to form the
plurality of cavities and uncover alternating photo-
diodes included in the array of photodiodes, and
wherein a width of each of the plurality of cavities 1s
greater than a corresponding width of an underlying
photodiode included 1n the array of photodiodes.

10. The method of claim 1, wherein the checkerboard
pattern of the sacrificial material includes the individual
blocks aligned diagonally with respect to the array of
photodiodes, and wherein a diagonal stripe of the individual
blocks 1s disposed between adjacent diagonal stripes of the
plurality of cavities.

11. The method of claim 1, wherein the grid formed by the
spacer pattern includes a plurality of spacers, and wherein a
thickness of each one of the plurality of spacers 1s less than

or equal to 0.05 um, and wherein at least one of the plurality
ol spacers has an aspect ratio of at least 18:1.

12. The method of claim 1, wherein the grid formed by the
spacer pattern includes a plurality of spacers, and wherein
cach one of the plurality of spacers has a first side with a first
slant and a second side with a second slant different than the
first slant.

13. The method of claim 1, wherein the grid formed by the
spacer pattern includes a plurality of spacers, and wherein
cach one of the plurality of spacers 1s comprised of a
material having a refractive index lower than a refractive
index of each color filter included 1n the array of color filters.

14. The method of claim 1, wherein a first width of the
support material included 1n the pattern of support material
1s greater than a second width of an individual spacer
included 1n the spacer pattern.

15. The method of claim 1, further comprising:

forming a microlens array, each microlens included in the

microlens array extending, at least in part, into a
respective opening included in the openings of the
spacer pattern, wherein the array of color filters 1s
disposed between the bufler layer and the microlens
array, and wherein a distal end of each spacer included
in the spacer pattern 1s disposed between corresponding
adjacent microlenses included 1n the microlens array.
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16. The method of claim 1, wherein a combined height of
the spacer pattern and the pattern of support matenal 1s
greater than a height of the array of color filters.

17. A method of manufacturing an image sensor, com-
prising:

depositing a layer of a sacrificial material on a builer layer

on a substrate, whereimn an array of photodiodes 1is
disposed 1n the substrate such that the bufler layer is
disposed between the layer of the sacrificial material
and the array of photodiodes;

etching the layer of the sacrificial material to form a

checkerboard pattern of the sacrificial material by
removing segmented portions of the layer of the sac-
rificial material, wherein each of the segmented por-
tions removed are aligned with an underlying photo-
diode included 1n the array of photodiodes, wherein a
width of each of the segmented portions 1s greater than
a width of the underlying photodiode, and wherein
removing the segmented portions of the layer of the
sacrificial matenial forms individual blocks of the sac-
rificial material collectively arranged 1n the checker-
board pattern;

forming a spacer pattern on side walls of the individual

blocks of the sacrificial material arranged 1n the check-
erboard pattern, the spacer pattern defining a gnd
having openings;

forming a pattern of support material on the bufler layer

before formation of the checkerboard pattern of the
sacrificial material, wherein the pattern of support
material 1s disposed between the bufler layer and the
spacer pattern, and wherein the pattern of support
material 1s structured to form secondary openings, each
one of the secondary openings positioned to overlap
with a corresponding one of the openings formed by the
spacer pattern;

removing the sacrificial material; and

forming an array of color filters 1n the openings of the

spacer pattern, and wherein the array of color filters
further extend into the secondary openings formed by
the pattern of support matenal.

18. The method of claim 17, wherein the side walls of a
first one of the individual blocks of the sacrificial material
includes four side walls, and wherein spacer pattern contacts
cach of the four side walls of the first one of the individual
blocks of the sacrificial matenal.
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19. The method of claam 17, wherein removing the
segmented portions of the layer of the sacrificial material
forms a plurality of cavities 1n which the underlying pho-
todiode 1s uncovered by the sacrificial material, wherein the
array ol photodiodes includes a first photodiode and a
second photodiode disposed adjacent to the first photodiode
along a given row or a given column of the array of
photodiodes, wherein individual cavities included i the
plurality of cavities and the individual blocks of the sacri-
ficial material are arranged alternately over the given row or
the given column of the array of photodiodes such that the
bufler layer 1s disposed between the first photodiode and one
of the individual blocks of the sacrificial material and the
bufler layer 1s further disposed between the second photo-
diode and one of the individual cavities included in the
plurality of cavities.

20. A method of manufacturing an 1mage sensor, com-
prising:

forming a pattern of a sacrificial material on a builer layer

on a substrate, wherein an array of photodiodes 1s
disposed 1n the substrate;
forming a spacer pattern on side walls of the sacrificial
material making up the pattern of sacrificial matenal,
the spacer pattern defining a grid having openings;

forming a pattern ol support material on the bufler layer
betfore said forming the pattern of sacrificial material on
the buller layer on the substrate;

forming a layer of adhesive material on the pattern of

support material before said forming the pattern of
sacrificial material on the builer layer on the substrate,
and wherein said forming the spacer pattern on the
sacrificial material making up the pattern of sacrificial

material further comprises forming the spacer pattern
on the layer of adhesive material on the pattern of
support material;

removing the pattern of sacrificial material; and

forming an array of color filters in the openings.

21. The method of claim 20, wherein said forming the
spacer pattern on the side walls of the sacrificial material
making up the pattern of sacrificial material further com-
prises forming the spacer pattern on a center of the layer of
the adhesive material on the pattern of support material.
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